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A論 文 内 容 要 旨         E
This dissertation focused on the assessment the potential of probability of landslide in 
Thailand using the landslide probability model under climate scenarios. The research works 
successfully addressed the underline sources of sediment in Thailand. Furthermore, this research 
developed the new analytical solution for evaluating the potential of soil erosion and sediment 
yield in Thailand using remote sensing data and GIS techniques. Thailand is a tropical country, 
lying off the central of the Southeast Asia peninsular between 97°21' E and 105°37' E longitude 
and 5°37' N and 20°28' N latitude (Figure 1(a)). Thailand borders between Cambodia and Laos in 
the east, Laos and Myanmar in the north, Malaysia in the south, Myanmar and Andaman Sea in 
the west. The total area of the country approximately 513,100 square kilometers. The topography 
of Thailand can be separated into 6 major physical regions consisting of the central valley, the 
northern plateau area, the northwest, the northeast, the southeastern coast, and the peninsula. 
Approximately 20% of Thailand is covered by mountain and hills, especially in the northern and 
southern regions. Thailand’s climate is influenced by monsoon winds that have a seasonal 
character.  The duration of rainy season is start from May to October, which peak of rainfall is 
occurs in August and September.  This period can occasionally lead to flood events in Thailand. 
The annual rainfall in Thailand is 1100 mm. 
Landslides are more widespread compared to any other geological hazards in Thailand. The 
steep slope and high elevation areas have more potential for landslide hazards. However, weather 
extremes, particularly extreme rainfall, play a major role in the occurrence of landslides in 
Thailand. This dissertation analyzed probabilistic landslide hazard maps for extreme rainfall 
values for 5-, 10-, 50-, and 100-year return period and future climatic conditions under two 
representative con-centration pathway (RCP) scenarios, namely, RCP4.5 and RCP 8.5. The 
results reveal that the 5-year return period extreme rainfall amount will reach200 mm/month in 
the eastern and southern provinces for RCP 4.5 and the northwestern, eastern, and southern 
provinces for RCP 8.5 (Figure 1(b)). The increase in extreme rainfall will cause a sharp increase 
in the landslide probability in Thailand, except in low altitude regions. The probability of 
100-year return period landslide will increase by 90% in 40% and 80% of the areas in Thailand 
under RCP 4.5 and RCP 8.5, respectively (Figure 1(c)). It is expected that the landslide hazard 
maps developed in this study will help policy makers take necessary measures to mitigate 
increasing landslide events due to climate change.  
  
Figure 1 a) Topography of Thailand, b) Extreme rainfall under RCP8.5 during 2080-2099,  
c) Probability of landslide under RCP8.5 during 2080-0299 
Furthermore, information on soil loss is important to support agricultural productivity and 
natural resource management. Therefore, this dissertation aimed to estimate and map the mean 
annual soil erosion and sediment deposition using a geographic information system (GIS). The 
soil loss in each grid cell was analyzed by the revised universal soil loss equation (RUSLE) 
model. The parameters of the RUSLE including rainfall, soil, and land use were calculated in each 
grid cell from a digital elevation model with of 1 square kilometer resolution. The concept of 
sediment deposition was formulated from the RUSLE model and used in GIS software to generate 
soil loss capacity maps.  
The results show that soil erosion occurred over all parts of Thailand, especially in the 
northern and southern parts due to the topography, geology and land cover. The sediment was 
deposited in grid cells where the elevation was low, mostly near the rivers sites (Fig 2).  Several 
countries are at risk of suffering landslide damages, but few studies have focused on the 
quantitative estimate of damages at a large scale. Most studies have considered the effects of 
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landslide and soil erosion events from the perspective of their economic drawbacks, and there is 
no consensus on the quantitative assessment of the positive economic impacts of these events. 
Therefore, this dissertation aimed to support the future assessment of landslides and other soil 
erosion events on sediment resources. 
For validation, the results showed that the 
benefit value of the sub-districts, based on our 
technique, corresponded to the observed data from the 
Department of Primary Industries and Mines. The 
correlation coefficient between simulation and the 
observed data is more than 0.9 (Figure 3(a)). In 
addition, collected records of agricultural and aqua 
cultural annual production values from the 
Agricultural Statistics of Thailand and Department of 
Fisheries and then compared the benefit of sediment 
to other production values in Thailand. Above 60% 
the total economic production of Thailand is derived 
from rice production, while the benefit of sediment 
represented approximately 12% (Figure 3(b)). 
Therefore, the economic benefit of sediment in 
Thailand is higher than 1 billion USD. These results 
can be supported to local land development policies 
that are implemented to control sediment yields of 
Thailand in the future. 
Figure 3 a) Validation, and b) Comparison sediment benefit and other economic production 
This research effort generated maps of sediment benefits and costs, including the landslide 
damage costs, at a large scale by remote sensing data and GIS. We have shown the efficacy of this 
new method to evaluate the situation in Thailand, and we anticipate applying this method to other 
territories. However, the applicability of this method still must be tested in other areas with 
various climatic and geographical settings. In addition, the analysis of sediment benefits and costs 
can be used for soil management and countermeasure plans in the future.  
Figure 2 Erosion and deposition map  
of the Chao Phraya River Basin 
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論文審査結果の要旨 
 
熱帯モンスーン気候のタイ国は，雨季の降雨による土砂災害が深刻であり，かつ生産された土砂による
河床の上昇によってさらに洪水リスクが上昇する傾向にある．一方，堆積土砂は海岸や氾濫原の埋め立て
に利用され，都市を拡大させている．本論文は，土砂の浸食と堆積の空間分布を求めるとともに，土砂の
被害と便益を明らかにした．本論文は全 8 章よりなる． 
第 1 章は序論である．世界的な土砂問題の背景を述べ，研究目的を述べた． 
第 2 章は，斜面リスクと土砂の浸食，堆積の既往の研究を収集し，それぞれの特徴を述べた． 
第 3 章は，タイ国国土について言及し，解析に用いる気象，水文データと数値地図情報について説明し
た． 
第 4 章は，本研究で用いた斜面ハザードモデル，確率分布モデル，改良全球土砂浸食モデル（RUSLE），
土砂流量曲線について説明を行っている． 
第 5 章は，10 個の気候モデルの降雨を用いて温暖化シナリオ毎に斜面ハザードの空間分布を求めた．
RCP8.5 シナリオの場合，2090 年頃に 100 年に一回の降雨による斜面崩壊の確率 90%以上の高いハザー
ド地域が国土の 8 割を越えることが示された．タイ国の将来の土砂災害危険地域を特定したことは初めて
であり，国土の防災上有益な情報である．  
第 6 章は，RUSLE モデルのパラメータの推定と考察をした後，タイ国全土の浸食地域を特定した．ま
た，RUSLE を異なる空間スケールにあてはめて求めた浸食量の差異から土砂堆積分布を推定することに
成功した．これらは，観測データならびに土砂流量曲線式との比較によって検証された．タイ国では山岳
域と平野部に入る直前の河道周辺において，それぞれ 1000m3/km2/year の浸食と堆積する地域が全国に
分布していることが理解された．本手法は，長期間の土砂の堆積，浸食の傾向を世界で初めて知ることが
できた極めて重要な成果である． 
第 7 章は，土砂の費用と便益を求めた．まず，斜面災害ハザードに資産価値を乗じることによって，タ
イ国全土の年期待被害額の空間分布を求めた．この成果はタイ国の国土政策上，極めて重要な成果である．
さらに 6 章の結果に実土砂浚渫費用と実土砂販売価格を用いて，土砂の費用便益を求めた．土砂の費用便
益の空間分布は世界で初めて示した重要な知見である． 
第 8 章は結論である． 
以上，要するに本論文は，様々な土砂モデルを用いて斜面災害，浸食，堆積の空間リスクを求め，さら
に土砂の便益を求める手法を開発し，タイ国のみならず世界的な土砂政策に大きく貢献できる成果であ
る． 
よって，本論文は博士（環境科学）の学位論文として合格と認める． 
 
 
